Many DNA sequencing reactions are based on the use of dideoxy nucleotides to terminate second-strand synthesis (7) . It was previously observed that double-stranded (ds)DNA templates of cDNAs containing long stretches of poly(A) were difficult to sequence with vector primers because sequence signal intensity was reduced after the poly(A) region (3) . By using a mixture of (dT) 17 primers with either (dA), (dC) or (dG) at the 3 ′ end, which anchored the priming of the sequencing reaction to the beginning of the cDNA poly(A) track, readable sequence was obtained upstream of the poly(A) region (3) . In a more recent report, poly(dT) primers followed by a mixture of two or three additional bases at the 3 ′ end were efficient at priming secondstrand synthesis beyond the poly(A) region (5) . Both of these strategies provided sequence data without apriori knowledge of sequences that were immediately 5 ′to the poly(A) tail of cDNAs. The two studies mentioned above used manual sequencing. In this report, we used primers based on those described by Liao and Gong (5) and investigated the effects of annealing temperature, template concentration and primer concentration on sequence fidelity with terminator-labeled fluorescent sequencing reactions. This approach may be useful for automated sequencing of cDNAs and expressed sequence tags when the poly(A) tail is too long for conventional sequencing using vector primers.
We performed sequencing reactions in a GeneAmp ® PCR System 2400 Thermal Cycler (Perkin-Elmer, Norwalk, CT, USA). All reactions included 4 µ L of pre-mixture from the PRISM™ Ready Reaction DyeDeoxy ™Termina -tor Cycle Sequencing Kit with AmpliTaq ® DNA Polymerase, FS (PE Applied Biosystems, Foster City, CA, USA). A range of 3.2-512 pmol of primers and 500-1000 ng of template were used. Reactions were in 0.2-mL, thin-wall tubes (PE Applied Biosystems) with a final reaction volume of 20 µ L. Cycling followed the manufacturer's instructions, except the annealing temperature was varied to optimize reactions. Following an initial denaturation at 96°C, 25 cycles were performed using: 96°C for 10 s, annealing (at 30°to 50°C in various experiments) for 5 s, extension at 60°C for 4 min, then hold at 4°C.
After reactions were completed, samples were centrifuged at 21 000 × g for 15 s then transferred to 1.5-mL tubes. Samples were precipitated by mixing with 75 µ L 0.5 mM MgCl 2 , 70% ethanol. After incubation at room temperature for 10 min, samples were centrifuged at 21 000 ×gfor 10 min. The supernatant was decanted, and tubes were inverted on a paper towel for about 5 min then further dried for 5 min in a SpeedVac ® (Savant Instruments, Holbrook, NY, USA). Samples were resuspended in 5 µ L of 83% deionized formamide, 4.2 mM EDTA (pH 8.0), 8.3 mg/mL blue dextran by vortex mixing, then denatured for 2 min at 90°C in a heating block filled with sand. Samples were cooled for 2 min at -20°C then stored at 4°C until loaded on a gel.
Electrophoresis was on a Model 373 Stretch DNA Sequencer (PE Applied Biosystems). The gel consisted of 8% GENE-PAGE PLUS ™electrophoresis matrix (AMRESCO, Solon, OH, USA) and was poured between 34-cm, wellto-read plates at a thickness of 0.4 mm. The gel was pre-run for at least 15 min at 32 W constant power with initial settings of 2500 V and 40 mA. Sample electrophoresis used the same initial settings. Data were collected for 12 h and analyzed with the adaptive basecaller with ABI PRISM™Sequencing Analysis Software Version 2.1.2 (PE Applied Biosystems).
Oligonucleotides for sequencing were synthesized using a Model 391 Synthesizer (PE Applied Biosystems). After synthesis (trityl-off) and deprotection, oligonucleotides were dried to completion then resuspended in water and precipitated with 0.3 M sodium acetate and 2 vol of 95% ethanol. Pellets were washed with excess 70% ethanol and dried to completion before resus - Each set of sequencing reactions and each gel included pGEM ® -3Zf(+) (Promega, Madison, WI, USA) as a positive control. An M13 forward primer (5 ′ -TGTAAAACGACGGCC -AGT-3 ′ ) was included in these controls, which used cycling conditions described above with a 50°C annealing temperature. Gels used in this report included this control to verify that the error rate was less than 1% over 400 bases of control sequence. To score mismatches (Table 1) , reference sequences from two plasmids were used. Reference sequences are the correct DNA sequences for plasmid inserts obtained by multiple rounds of sequencing both strands. Most of the data are from p14, a Petunia hybridacDNA chosen for this study because of its long (53 nucleotide [nt]) poly(A) tail. The nucleotide 5 ′ to the poly(A) tail is G. To generate the reference sequence from p14, both strands were sequenced.This plasmid contains a 2.8-kb insert cloned into a 3.0-kb vector. We observed the expected reduction of readable DNA sequence upstream of the poly(A) tail (data not shown). This plasmid was purified by CsCl ethidium bromide ultracentrifugation (6). In Table 1 , the first base of the p14 reference sequence starts 31 bases after the poly(T) of p14. This start point was chosen to avoid mismatches that were sometimes observed near the primer annealing site. 18  512  p14  1000  40  0  0  0  0  225  528  245  127  18  512  p14  500  40  0  1  2  0  198  465  258  102   17  32  pSFKIN  500  40  0  0  1  0  268  665  354  207   17  128  pSFKIN  500  40  0  0  1  1  272  783  525  279   17  128  pSFKIN 1000  40  0  0  1  4  354  1107  795  443   18  128  pSFKIN  500  40  0  1  1  0  295  838  526  274   18  32  pSFKIN 1000  40  0  1  1  0  166  446  239  141  18  128  pSFKIN 1000  40  0  1  1  0  378  1178  808  474   18  32  pSFKIN  500  40  0  0  1  1  235  501  260  163 a Number of bases; nd means not determined. b Values copied from electropherograms.
Miscalls are grouped in blocks of 100 bases, and comparisons are with known reference sequences from p14 or pSFKIN ds plasmid template. The extraction of DNA from agarose gels is a basic technique in molecular genetics, and a number of suitable methods have been described. A number of informative reviews and comparisons of different methods have also been published (1) (2) (3) 5) . One of the most useful and quick methods is based on centrifugation-driven filtration, first described by Maxam and Gilbert in 1977 (4) and with many variations published by others thereafter. Unfortunately, to our knowledge, no technique is available that fulfills the requirements of being rapid, having high recovery and being economical for large number of samples.
We have developed a method for DNA extraction from agarose gel slices that is economical, rapid and suitable for processing many samples. After the gel slices are excised (minimizing the amount of agarose surrounding the fragment), they are delivered into individual wells of a 96-well filtration plate (Plate No. MAHVN45; Millipore, Bedford, MA, USA). The membrane at the bottom of each well is a polyvinylidene fluoride filter with a 0.45-µ m pore size and low protein and nucleic acid binding properties. The plate with agarose slices is frozen at -20°C; this forces out interstitial buffer, breaks up the gel structure and makes it less likely that larger DNA pieces get stuck in the gel matrix. The plate is thawed on ice or at room temperature until the gel pieces have the consistency of soft ice (i.e., they are not completely thawed and there are still ice crystals in the gel piece). Note that if thawing on ice, make sure the filter does not get wet from below. Each agarose piece is then crushed with a pipet tip against the wall of the well. This step is facilitated if the pieces are stuck to the wall from the beginning. After freezing and thawing, the filtration plate is placed on top of a Falcon ® Model 3911 96-well Collection Plate (Becton Dickinson Labware, Bedford, MA, USA). Due to the centrifugal force, the collection plate has to be positioned in a support. We found that a common pipet tip rack (Corning Costar, Cambridge, MA, USA) offered a good fit and is sturdy enough to withstand compression. The three components are taped together into a convenient stack and centrifuged for 5-10 min at 1000 × g in a Model GR4.22 Centrifuge (Jouan, Winchester, VA, USA).
The percent recovery at different centrifugation times was tested for 564-and 2027-bp DNA fragments that had been separated in a 1% Ultra Pure
